This study analyzed trend and examined the factors responsible for urban sprawl in Akure with a view to develop a user-friendly geospatial database for monitoring urban sprawl in the study area. Medium resolution satellite imageries derived from Landsat (TM) and (ETM+) comprising of four dates (1986, 1991, 2002 and 2011) were analyzed. The results revealed that built-up area increased rapidly by 43.31% from 5857.54 hectares in 1986 to 8394.21 hectares in 1991. It further increased by 72.02% from 8762.76 hectares to 15073.7 hectares in 2011. Field study conducted in 2013 involved in-depth interviews and questionnaires to stakeholders and residence respectively. The analysis showed that there was a weak negative relationship (r = −0.189, p < 0.01) between gender and "house ownership", a weak positive relationship (r = 0.343, p < 0.01) between marital status and "house ownership" and a weak negative relationship (r = −0.159, p < 0.05) between "number of children" and "house ownership" in the sprawl location. Geo-spatial database modeled was tested by subjecting it to spatial analysis to show its capability to answer question pertaining to all the entities of the database. The study concluded that urban sprawl increased and if not reversed, might constitute greater social and environmental problems in the future.
Introduction
Urban Sprawl is unplanned, uninterrupted monotonous developments that does not provide for a functional mix of uses and which variously appears as low-density, ribbon or strip, scattered, leapfrog discontinuous development and inefficient use of land [1] . According to [2] , urban sprawl as a pattern in an urbanized area that exhibits some combination of eight distinct dimensions such as density, continuity, concentration, clustering, centrality, nuclearity, mixed uses and proximity. These dimensions eliminate agricultural lands, pollute water quality, and cause air pollution [3] . It can be reported that urban sprawl is a phenomenon that emanates from uncontrolled or uncontrollable expansion of the built-up areas of cities or an aftermath of many societal inefficiencies and mismanagement [4] . This is evident in the poor environmental qualities of many Nigerian cities. Also, [5] noted the rapid urban expansion that ensued has resulted in direct conversion of farmland which satisfies the demand for residential, commercial and industrial land uses, and directly reduces the agricultural potential of the remaining farms. For instance, in some states in Nigeria, lands adjoining major cities acquired by government are left unutilized for decades, thus forcing developers to jump over such lands to other areas in the same environment to develop new settlements which often grow to the level of urban centers within a short time. Mowe and Ibafo along Lagos-Ibadan expressway are good examples of such settlements.
Population increases, so do the needs for new facilities, amenities and decentralization from the urban core and precious farmland is often left unprotected from commercial or residential developers [6] [7] . These result into land use/land cover (LULC) changes. It is reported by [8] that land use/land cover (LULC) change is a key driver of global change. [9] noted that changes in land cover and in the way people use the land have become recognized over the last 15 years as important global environmental changes in their own right. In Nigeria, several studies on LULC using maps, aerial photographs and satellites imageries have been documented [10] [11] [12] [13] [14] . Also, it is reported that several factors such as agricultural colonization [15] , spread of rural settlements [16] , evolution of rural road networks [17] and government policy [18] noted in [19] have modified the original form of land cover in Nigeria. Yet, there remains a need for the development of basic datasets providing quantitative and spatial land use/land cover information. Moreover, there appears to be gaps in the available scientific information at national and local scales for use in regional and national decision-making process and rational planning. The same is true in the south-western part of Nigeria [8] . Despite the great economic importance of this region, there have not been systematic studies of land use/land cover changes [10] . The land use and land cover of any particular region is an outcome of both natural and socio-economic factors and their utilization by man in time and space. Land is becoming a scarce commodity due to immense agricultural [20] .
The use of geospatial technique to assess urban sprawl cannot be over emphasised. The data derived from these techniques and its analysis provides new insights into the interaction of geographic phenomena [21] . Several studies have been conducted with the integration of remote sensing and geographic information systems to analyze and monitor land cover changes and urban sprawl [22] [23] and [24] . The ability to analyze and monitor land use and land cover change and urban sprawl will depend on our ability to understand the past, present and future state of land use and land cover change. This ability is enabled through the use of multi temporal remote sensing data and or aerial photographs which provides valuable information of natural resources like land, water, forests, urban areas and infrastructure facilities such as road network, river network etc. [25] . Using the Geospatial approach, database can be created that can evoke graphical response and answer questions pertaining to all the entities of the database.
The share of population living in urban areas increased from 20.2% in 1971 to 23 .7% in 1981 and to 26.1% in 1991 [22] . However, these figures do not tell the whole story. The antecedent impact on the physical development constitutes a major concern. Although there have been studies on the rapid urbanization and urban sprawl of cities in the developing countries and in Nigeria, there has not been major scientific prove of the impact of urban sprawl in Akure area of Ondo State, hence this study. This study uses remotely sensed multi-temporal satellite imageries and field survey to assess urban sprawl and its impact in Akure. Also, a geospatial database for the study area was also created using geospatial techniques.
Materials and Methods

The Study Area
Akure, the state capital of Ondo State, lies between latitudes 7˚12'N, 7˚19'N and longitudes 5˚08'E, 5˚18'E ( Figure 1 Therefore, a total of thirteen officers were interviewed. Questionnaires were administered to assess the perception of the populace on the trend and impact of urban sprawl using the Slovin principle, [23] which suggests that:
where N = total targeted population, e = confidence level (0.05 for 95%).
Stratified random sampling technique was used to administer the questionnaire. The division was based on the number of wards with sprawl location(s), subsequently, only fewer than 200 copies of questionnaire were returned.
Remotely Sensed Data
Satellite imageries (Landsat TM 1986 , 1991 , ETM+ 2002 , 2011 ) of the study area were acquired from Land Satellite Programme of the National Aeronautics and Space Administration (NASA), (http://landsat.gsfc.nasa.gov/). The satellite imageries were subjected to digital image processing (DIP) and each band of the imageries was filtered using the 3 × 3 median filter. This was done to reduce fragmentation and to clearly identify the various land cover in the study area after [8] . The 3 × 3 median spatial filter is applied to reduce the "salt and pepper"
noise. Once this is done the pixels are then clearly identify and assigned various land cover classes during the classification process. It ensures that objects to be classified are more identifiable for classification.
where i is the row, j is the column and K is the filter kernel.
Maximum likelihood classifier was the algorithm used to classify the imageries. This was done by training pixel based on multivariate probability density function (pdf) of the classes of interest [29] . The classes of interest used were pixel is assigned to the class that has the highest probability (that is, the maximum likelihood). The decision rule is as follows:
where X: the spectral multivariate vector;
ω : pdf of X, given that X is a member of class c; p(c): a priori probability of class c in the image; i: class number among the m number of classes in the image.
The classified imageries were then subjected to accuracy assessment. Stratified random sampling procedure was adopted for assessing the overall accuracy assessment [23] . Points were stratified by the image category and simple random sampling employed within each stratum.
Also, geospatial techniquesoperations were used in this study which is the GIS operations of Overlay, Query and search and GIS Unique Identifier. Correlation (Matrix) Analyses wasalso used to analyze data generated from the questionnaires administered at the identified sprawl locations. This was modeled after [32] model for monitoring urban sprawl in the study area. Figure 2 and Figure 3 show the subset of the Landsat imageries that were used for this study.
Results and Discussion
Bands Combination
Seven bands were used for the colour composite map on Landsat TM 1986 and 1991, divided into three bands in visible spectrum, one in the near-infrared, two, in mid-infrared and one in Thermal-infrared. These bands were selected because Figure 4 and Figure 5 and Table 1 , show that classified imageries and the land [34] reported that the mode of incursion into the forest in Southwestern
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Nigeria is mainly through Agro-Forestry and arable cropland. This finding confirms the view of the [35] , that most of the tropical forests cleared each year are due to agricultural practices. It also lends credence to the hypothesis of [36] that deforestation is largely due to the extent of agriculture, involving clearing of land of trees to plant crops [34] . [20] reported that there was a decrease in the Akure vegetation. This was in line with the submission of [33] . The decrease according to this research was as a result of the increase in the Built-up area and the num- [20] , that the Water Body was stable between 1986 and 2002 in the study area.
Field Data: Factors Responsible for Urban Sprawl and Environmental Challenge
Field data was acquired and integrated with the satellite image data to support its findings on the urban sprawl. Field data also confirmed that Akure had under- This account for why this group needed to grow cocoa, which is a cash crop so as to be able to meet the financial requirements of their families. The married couples in this work, moved to the sprawl locations where they get land so cheap and get their houses built. [42] , submitted that farmers were persons between the ages of 31 and 40 years while very few farmers were well over 50 years. The implication of the dominance of persons within the age bracket of 31 and 40 was that farming activity was particularly taken by persons who are still very active.
These results conformed to the findings in this work, where the age bracket of 30 -40 years moved most to the sprawl locations for their houses. This finding also agreed with [43] , contention that the most significant demographic change in the 1990s was the substantial reduction in the number of farmers over the age of 65 years. Gender was another factor responsible for urban sprawl in Akure according to this study. This related to the findings of [42] , who submitted that, the distribution of respondents who degraded forest by sex were 66.05% and 33.05% for male and female respectively. work just as they were tested in this work where a "feature" was identified through GIS identifier tool and every attribute about it were displayed through a dialog box as shown in Figure 8 . Overlay Operation Analysis was also carried out.
Database Creation for Monitoring Urban Sprawl (DBMUS)
Database
Summary and Conclusions
Geo-information based assessment of the impact of Urban Sprawl in Akure, Southwestern Nigeria using Remote Sensing and Geographic Information Systems (GIS) Techniques had been carried out. Considering the dynamic nature of Urban Sprawl, the use of satellite imageries and Global Positioning System (GPS) has shown the great potentials that the new tools have.
Though, urban sprawl and expansion is something unavoidable. The emer-
V. A. Usman et al.
gence of haphazard development has shown the unplanned nature of the sprawl area and therefore, the need to manage the rapid expansion and growth in the town and the settlements around it require pragmatic approach to urban planning and management using modern technology. The study had generated geo-spatial information which can be used to direct urban development ahead of urban pressures, to the appropriate area. The databases generated both spatial and non spatial information that will be useful in managing the rapid growth and expansion through integration with Geographic Information System. To this end, establishment of Remote Sensing and GIS Centers in the State and Local Governments need to be encouraged. The database or Geospatial information like rate of expansion, facilities, utilities and services, percentage change in built-up areas are stored. The information in the database can be retrieved and updated at any time needed. This modern technology feature of GIS makes it suitable for monitoring urban sprawl and growth in Nigerian growing cities.
